Abstract
radiation, leads to a premature aging phenotype even in young individuals. 2 In sun-exposed areas, these two processes, intrinsic and extrinsic, are superimposed; there is evidence 3 that they have at least in part overlapping, biological, biochemical, and molecular mechanisms. 4 The connective tissue of the skin is composed mostly of collagen and elastin. Collagen makes up 70% to 80% of the dry weight of the skin and gives the dermis its mechanical and structural integrity. Elastin is a minor component of the dermis, but it has an important function in providing the elasticity of the skin, and elastin accounts for 2% to 4% of the extracellular matrix. 5 In the photoaged skin, there is a progressive destruction of the entire network of elastin in the dermis. Elastic fibers become thickened, tangled, tortuous, degraded, and dysfunctional, with increased density of the elastic material, resulting in a cluster of amorphous and dystrophic elastotic materials throughout the dermis, setting up solar elastosis, the most important feature of photoaging. 5 This is caused by the marked loss of collagen and the thickening of elastic fibers, causing a higher level of the elastic component in the elderly than the young. 6 Regenerative medicine is an emerging field whose focus is on cell-and tissue-based therapies applicable to plastic surgery procedures, including the aging process of skin. 6 The mechanism transforms undifferentiated stem cells into the differentiated cells that ultimately form the specialized tissues that are required for reconstruction, repair, and restoration, including the role of the surrounding environment. 7 Moreover, a stem cell has paracrine effects and secretes a wide range of growth factors, cytokines, and bioactive molecules that can stimulate tissue regeneration. 7 In this sense, platelet-rich plasma (PRP) has also been described as having a possible regenerative effect due to its growth factors and cytokines, however empirical, without scientific evidence until now. [8] [9] [10] [11] In a previous paper, 6 we demonstrated that the treatment of human photoaged skin (preauricular area) with the autologous lipidic component plus stromal vascular fraction rich in adipose-derived stem cells (SVF-enriched fat) or expanded adipose-derived stem cells (ADSCs) showed a decrease in the elastic fiber network (elastosis) and the appearance of new oxytalan elastic fibers in papillary dermis. The ultrastructural examination showed a modified 3-dimensional architecture of the reticular dermis and the presence of a richer microvascular bed, representing a skin rejuvenation effect. Considering that expanded stem cells require a cell factor, we developed another study 12 in which we wished to assess similar results replacing the ADSC by PRP. PRP is easier to obtain and could be utilized in an ambulatory environment. We aimed to determine if PRP injection could replace the cutaneous regenerative effect of ADSCs when injected together with fat in the preauricular area, with photoaging characteristics. We observed that the use of fat plus PRP led to the presence of more pronounced inflammatory infiltrates and a greater vascular reactivity, increasing in the vascular permeability and a certain reactivity of the nervous component. The addiction of PRP to fat did not improve the regenerative effect and did not present significant advantages over the use of expanded ADSC or SVF-enriched fat in skin rejuvenation. 12 The purpose of this new article was to analyze the histologic and ultrastructural changes of skin after the injection of only PRP in the retroauricular area (mastoidea area) that normally suffered only the intrinsic aging process, because it was not exposed to sun and did not present the photoaging process. We observed the histologic alterations due to the intrinsic aging process and observed the action of PRP in this area.
METHODS
The study was executed in 13 patients, 11 females and 2 males, who were candidates for facial rejuvenation surgery (facelift), whose ages ranged between 45 and 65 years with no history of chronic viral, metabolic, ischemic, or autoimmune diseases, or other systemic pathologies. This study also excluded patients who reported a smoking habit. The study period ranged from May 2012 through May 2016.
The patients were subject to the sampling of blood to prepare the PRP, as described below. The injection of PRP was performed in the retroauricular area. Prior to injection, with the patient under local anesthesia, a fragment of skin and subcutaneous tissue was removed from the mastoidea area and sent to the Section of Human Anatomy and Histology of Verona (Italy) and the Federal University of Rio de Janeiro (Brazil) for morphological analysis through optical and electron microscopy. At histology, the analysis of skin biopsies was performed through hematoxylin and eosin (HE) staining, picrosirius red staining (for visualization of collagen), and orcein staining (for visualization of elastic fibers). The morphological examination was repeated after 3 months, taking a piece of skin and subcutaneous tissue in the same area where the PRP was injected. After this second biopsy, the facelift was performed. The regenerative anti-aging activity was evaluated by comparing the morphology of the skin and subcutaneous area before and after treatment.
The biopsy specimens, consisting of fragments of skin measuring 0.5 cm × 1 cm, were limited inside of the 1 cm 2 retroauricular area (mastoid) and split into two equal parts of 0.5 cm × 0.5 cm. One half was sent in a plastic bottle immersed in 4% formaldehyde to the Institute of Biophysics Carlos Chagas Filho, Laboratory of Immunology, Federal University of Rio de Janeiro (Rio de Janeiro, Brazil) for histologic study. The other half (0.5 cm × 0.5 cm) was sent in a plastic bottle with a solution of buffered 2% glutaraldehyde to the Section of Human Anatomy and Histology of Verona (Verona, Italy) to be subjected to histomorphometric analysis with electron microscopy. The skin biopsies (untreated and treated skin biopsies) were performed under local anesthesia with lidocaine 0.5% and 1:200.000 epinephrine, on an outpatient basis.
All patients consented under approved guidelines set forth by the human clinical trial to the Brazilian investigation ethical committee board (protocol no. 28063) and the Brazilian Clinical Trials Registry (Universal Trial Number, U1111-1145-3081).
Platelet-Rich Plasma Preparation
Peripheral blood was collected in blood collection tubes containing 0.5 ml 3.2% sodium citrate solution. The PRP preparation procedure consisted of two centrifugation steps. All steps were performed in a refrigerated centrifuge (certified Jouan Br4i, Saint-Herblain, LoireAtlantique, France). Whole blood was centrifuged at 300 g for 5 minutes at 18°C. After the first centrifugation, the whole plasma above the buffy coat was collected, separating platelets from red blood cells and leukocytes (PRP1). PRP1 was centrifuged at 700 g for 17 minutes at 18°C. After the second centrifugation step, the platelet pellet was suspended in 300 μl of platelet-poor plasma (PPP; new fraction named PRP2). Platelet activation was performed adding 20 mM CaCl2 (PRP2-Ca) and 25 IU/ml human plasma thrombin (PRP2-Thr, Ref: T6884; SigmaAldrich, St. Louis, Missouri, USA), incubating at 37°C for 1 hour and at 4ºC for 16 hours. To recover the activated PRP2, all of the treated samples were centrifuged at 3,000 × g for 20 minutes at 18°C. All samples were stored at -80°C. 8 Different PRP preparations have been published, eliciting variable responses that cannot be compared, due to the lack of the final platelet quantification. This preparation, published by Amable et al, 8 optimized PRP preparation and maximized platelet recovery, 46.9% to 69.5% of initial platelets, and the platelets were highly purified. The blood sample was collected in a 5-ml tube containing 3.2% sodium citrate. A blood sample for all 13 patients was stored and then analyzed in the laboratory before injection in the patient. It was injected in intradermal level of the retroauricular skin.
Transmission Electron Microscopy (TEM)
Different samples were fixed with glutaraldehyde 2% in a Sorensen buffer pH 7.4 for 2 hours, post-fixed in 1% osmium tetroxide in aqueous solution for 2 hours, dehydrated in graded concentrations of acetone, embedded in Epon-Araldite and cut with an Ultracut E ultramicrotome (Reichert, Wien, Austria). At the end of the dehydrating process, samples were positioned in a multi-well grid for electron microscopy and observed through the use of a TEM Morgagni 268D (FEI Philips).
Scanning Electron Microscopy (SEM)
The specimens were fixed in 2% glutaraldehyde in a phosphate buffer for 2 to 4 hours, post-fixed in 1% osmium tetroxide in the same buffer for 1 hour, and dehydrated in graded concentrations of acetone. The samples were then treated by critical point dryer (CPD 030, Balzers Vaduz, Liechtenstein), mounted on metallic specimen stubs, and sputter-coated with gold (MED 010 Balzers). SEM Imaging was performed with XL30 ESEM (FEI-Philips Eindhoven, Netherlands).
RESULTS
The present study was executed in 13 patients, 11 females and 2 males, age ranging between 45 and 65 years old (mean, 56.2 years), through the analysis of the retroauricular skin (mastoidea area) that normally is protected from the sun. No elastosis was observed before the use of PRP. Therefore, we can conclude that there is only an intrinsic aging process in this area ( Figure 1) .
As described in the introduction, we wrote two previous papers pertaining to preauricular skin. This figure of preauricular skin was utilized in the present paper with the aim of comparing the photoaged skin (preauricular) with the protected skin, from the retroauricular area, of the same patient. Thus, this information is important to readers understand the cutaneous quality of the retroauricular area.
The treatment with PRP induced modifications mainly in the reticular dermis. After the use of PRP, a great increase of the thickness of the reticular dermis, which resulted from the horizontal deposition of layers of mature elastic fibers and collagen, was observed (Figure 2) . In this layer, activated fibroblasts were also visible. The great increase of elastic and collagen fibers and the morphology of the fibroblasts suggest that in some areas a fibrotic reaction occurs.
At the dermohypodermal junction, before the treatment with PRP, the adipocytes located at the boundary of the dermis and the subcutaneous tissue were organized in lobules, and the lobules were often vertically directed toward the surface of the skin. These lobules formed adiposae papillae, in which a vascular peduncle was often seen. The papillae, in their apical portion, often showed a relationship with sebaceous or sweat glands. At this level, the adipocytes were covered by a dense basket of collagen strictly adherent to their plasma membrane. After the use of PRP, the relationship between subcutaneous fat and sebaceous or sweat glands appears less close, after the reticular dermis increases and forms a kind of barrier between these elements (Figures 2-4) .
At ultrastructural examination, after treatment with PRP, perivascular areas with mononuclear cell infiltration were visible in the reticular dermis and the dermohypodermal junction (Figure 3 ). Often the blood vessels (blood capillaries and arterioles) were surrounded by reduplicated and fragmented layers of basal lamina ( Figure 5 ). The ultrastructural examination also confirmed the histologic data, revealing a large amount of elastic fibers and collagen mainly disposed parallel to the skin surface. Collagen fibers were disposed in compact bundles. Ultrastructural examination also revealed the presence of activated fibroblasts with a large amount of rough endoplasmic reticulum and large lysosomes. These findings suggest that PRP causes fibrosis in the area where it is injected (Figure 4 and 5).
DISCUSSION
The retroauricular skin has its own characteristics. It is a thin and non-hair-bearing skin and has skin-color matching. The retroauricular skin shows a thin stratum corneum, the dermo-epidermal junction is rather flat, and the connective papillae were poorly developed. The dermal papillae are also thin and showed a scarce cellularity. The reticular dermis is homogeneous and appeared as a regular network of collagen and elastin fibers disposed in thin bundles. Scanning microscopy showed the elastin fibers as thin ribbons with smooth surface. The subcutaneous adipose tissue is present in a variable amount and generally formed elongated lobules mainly disposed parallel to the external surface. The pilo-sebaceous structures, as well as the sweat glands, are scarce. In the male patients, a larger amount of sebaceous glands is evident and appeared larger in diameter than those visible in female patients. 13, 14 During aging, degenerative processes affecting the skin and deep structures of the face commonly occur. This aging process is the result of the action of intrinsic skin events associated with extrinsic agents, especially exposure to ultraviolet radiation. Normally, the retroauricular skin is protected from the sun and does not suffer the extrinsic aging process that leads to elastosis and actinic pathology. The age-related modifications extensively described in the elastic fibers of all organs and tissues may be largely interpreted as resulting from progressive degradation of a protein polymer that has been produced early in life. [15] [16] [17] [18] [19] [20] [21] In previous papers, 6, 12 we demonstrated the regenerative effect of SVF-enriched fat and expanded ADSC when injected in preauricular skin with the photoaged process. When the fat plus PRP was injected in the same place, the presence of more pronounced inflammatory infiltrates and a greater vascular reactivity was observed, increasing in vascular permeability and a certain reactivity of the nervous component. The addiction of PRP to fat did not improve the regenerative effect and did not present significant advantages over the use of expanded ADSCs or SVF-enriched fat in skin rejuvenation. 12 However, PRP has been described as having a possible regenerative effect due to its growth factors and cytokines, although the previous evidence is empirical. [8] [9] [10] [11] [22] [23] [24] Considering the results, we observed that treatment with PRP induced modifications in the reticular dermis, due to the primarily horizontal deposition of layers of collagen and elastic fibers. The great increase of collagen suggests a fibrotic reaction, because there are activated fibroblasts in this layer. This fibrosis creates a kind of barrier between the sebaceous sweat glands and subcutaneous fat tissue. At the dermohypodermal junction, before treatment with PRP, the adipocytes located at the boundary of the dermis and the subcutaneous tissue were organized in lobules, which often were vertically directed toward the surface of the skin. These lobules formed adiposae papillae, in which a vascular peduncle was often seen. The papillae, in their apical portion, often showed a relationship with sebaceous or sweat glands. At this level, the adipocytes were covered by a dense basket of collagen strictly adherent to their plasma membrane. At ultrastructural examination, after treatment with PRP, perivascular areas with mononuclear cell infiltration were visible in the reticular dermis and the dermohypodermal junction. These areas showed blood capillaries and arterioles surrounded by mononuclear infiltrates. Often the blood vessels were surrounded by reduplicated and fragmented layers of basal lamina. Elastic fibers and collagen are horizontal and strongly attached, and the presence of lysosomes and activated fibroblasts suggests that PRP causes fibrosis in the area where it is injected.
The limitation of this study is that PRP injections currently occur into photoaged skin, so this aspect, not investigated in this paper, could warrant new research.
Otherwise, we published a previous paper 12 in photoaged skin that was treated with fat plus PRP, in which we observed an inflammatory reaction and no regenerative effect as the ADSC demonstrated. It is not possible to do quantitative analysis in small fragments of skin tissue. Reproduction of the same morphology and the same phenomena in all patients treated with PRP allows us to justify our statements by commenting on the results obtained.
CONCLUSIONS
After the treatment with PRP, we observed an increase of reticular dermis thickness due to the deposition of elastic fibers and collagen, with a fibrotic aspect. A modified pattern of adipose tissue was also found at the dermohypodermal junction. Significative regenerative aspects were not found at histologic and ultrastructural analysis in our experimental conditions. The presence of long-term foci of moderate inflammation and microangiopathy could lead to trophic alteration of the skin and a precocious aging process, because an inflammatory process induces fibrosis which is an antithetic condition to the morphological integrity of each tissue and organ. This paper is a part of a series of human face skin studies that we are conducting during recent years. The interest in this approach arises from the fact that previous investigations have been done on animals or human skin of other districts, but not on the face. These extra face regions have been found to be sensitive to stem cells or adipose tissue. It is therefore of the utmost interest to know what changes are induced by PRP injected into the face. The present study provides important information on the biological effect of PRP on this district. The most obvious evidence is that we have not recorded very remarkable phenomena both in its regenerative or degenerative sense. However, the data derived from the ultrastructural examination reveal phenomena that seem to indicate a stimulation of connective fiber deposition together with modest inflammatory aspects. Our approach has obvious limits that arise from the analysis of small samples. In addition, on the one hand, the ultrastructural approach chosen gives an exact definition of the phenomena occurring at the dermal level, yet on the other hand, this results in a substantial impossibility to determine the exact amount of newly formed fibers. However, the comparison of samples from the same patient in the same area at different times on a significant population clearly leads to the ultimate conclusion that PRP injected in the facial skin for regenerative purposes induces modest inflammatory processes. In our view, this aspect has to be further investigated to determine, for example, whether these phenomena are lasting or temporary. And just considering these two possibilities, we must therefore investigate what could happen in both cases. In conclusion, we have verified these phenomena and we report them through a rigorous scientific approach.
